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‘35‘ , $\neq E’\ovalbox{\tt\small REJECT}\#^{\underline{/}}\hslash$ $\text{ ^{}\prime}\ovalbox{\tt\small REJECT}\pi_{\nearrow J}’$
$\frac{\partial}{\partial x}\Psi(k;x,t)$ $=$ $U(k;x,t)\Psi(k;x, t)$ ,
$\frac{\partial}{\partial t}\Psi(k;x, t)$ $=$ $V(k;x,t)\Psi(k;x,t)$ ,
(Lax )
. Ablowitz, Kaup, Newell, Segur AKNS hierarchy [1] ,
$U(k;x, t),$ $V(k;x, t)$ ( )






AKNS hierarchy hierarchy reduction
[5]. , , (
) . hierarchy
,
, . KP hierarchy
Grassmann hierarchy [4]. ,





, AKNS , Wronskian
[13]. ,
;
$\frac{\partial}{\partial x}\Psi(k;x, y)$ $=$ $\frac{U(x,y)}{k-1}\Psi(k;x,y)$ , (l.la)
$\frac{\partial}{\partial y}\Psi(k;x, y)$ $=$ $\frac{V(x,y)}{k+1}\Psi(k;x, y)$ . (l.lb)
2 , principal chiral field [7].
$(J_{x}J^{-1})_{y}+(J_{y}J^{-1})_{x}=0$ . (12)
, $U,$ $V,$ $J$ $SU(2)$ $x,$ $y$ .
, hierarchy , “ ”
.
hierarchy ,
. principal chiral field, Maxwell-Bloch
, .
2 2 hierarchy Wronskian
2 hierarchy , Wronskian (
double Wronskian [6]) [5].
$W_{N}(s)$ ;
$W_{N}(s)=\hat{s}^{N}+w_{1}(s)\hat{s}^{N-1}+w_{2}(s)\hat{s}^{N-2}+\cdots+w_{N}(s)$ . (2.1)
, $w_{j}(s)$ $2\cross 2$ , $\hat{s}$ $s$ shift operator ;
$\hat{s}f(s)=\exp(\frac{\partial}{\partial s})\cdot f(s)=f(s+1)$ .
$W_{N}(s)$ , $W_{N}(s)f_{j}(s)=0$ $f_{j}(s)=(\begin{array}{l}f_{j}(s)g_{j}(s)\end{array})$ 2N{ ,
, $W_{N}(s)$ $w_{j}(s)$ .
, $w_{j}(s)$ $(m, n)$ $w_{j}^{(mn)}(s)$ ,
$w_{j}^{(11)}(s)$ $=$ $(-)^{\dot{\mathcal{J}}} \frac{|0,1,\cdots,N-j-.1,N-j+1,\cdot\cdot.\cdot.’.N;0,1,\cdots,N-1|}{|0,1,\cdot\cdot,N-1;0,1,,N-1|}$ , (2.2a)
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$w_{j}^{(12)}(s)$ $=$ $(-)_{|^{;}0,1,,N-1;0,1,\cdot\cdot,N-1|}^{N++1}\dot{r}^{|0,1,\cdots,N0,1.’.\cdot.\cdot\cdot,N-j-1,N^{\sim}.-j+1,\cdots,N-1|}\ovalbox{\tt\small REJECT},(2.2b)$
$w_{j}^{(21)}(s)$ $=$ $(-)^{N+\dot{\mathcal{J}}} \frac{|0,1,\cdots,N-j-.1,N-j+1,\cdot\cdot.\cdot.’.N-1;0,1,\cdots,N|}{|0,1,\cdot\cdot,N-1;0,1,,N-1|}$, (2.2c)
$w_{j}^{(22)}(s)$ $=$ $(-)^{\dot{J}} \frac{|0,1,\cdots,N-1;.0,1,\cdots,N-j-.1,N-j+1,\cdot.\cdot\cdot,N|}{|0,1,\cdot\cdot,N-1;0,1,\cdot\cdot,N-1|}$. (2.2d)
, ;







$\hat{s}^{\hat{s}}g^{g_{2}^{1}}\hat{s}_{n_{m+^{+}}^{n_{N}}}^{n_{N+\cdot g_{2N}}}:_{:}\cdot|$ . (2.3)
$f_{j}(s)$ $(x, y)$ $(a=1,2)$ ;
$\frac{\partial f_{j}(s;x,y)}{\partial x_{n}^{(a)}}$ $=$ $\delta_{1,a}f_{j}(s+n;x,$ $,,$ $.,$ $\frac{\partial f_{j}(s;x,y)}{\partial y_{n}^{(a)}}$ $=$ $\delta_{1,a}f_{j}(s-n;x,y)$ ,
$\frac{\partial g_{j}(s;x,y)}{\partial x_{n}^{(a)}}$ $=$ $\delta_{2,a}g_{j}(s+n$ ; ,.., $\frac{\partial g_{j}(s;x,y)}{\partial y_{n}^{(a)}}$ $=$ $\delta_{2,a}gJ(s-n;x,y)$ .
(2.4)
$f_{j}(s)$ $(x, y)$ , $W_{N}(s)$ $(x, y)$
, ( )WN(s; $x,$ $y$ )
;
$\frac{\partial W_{N}(s;x,y)}{\partial x_{n}^{(a)}}$ $=$ $B_{n}^{(a)}(s;x,y)W_{N}(s;x, y)-W_{N}(s;x, y)E_{a}\hat{s}^{n}$, (2.5a)
$\frac{\partial W_{N}(s;x,y)}{\partial y_{n}^{(a)}}$ $=$ $C_{n}^{\langle a)}(s;x,y)W_{N}(s;x, y)-W_{N}(s;x,y)E_{a}\hat{s}^{-n}$ . (2.5b)
$E_{a}=(\delta_{ij}\delta_{ia})_{i,j=1,2}$ , $B_{n}^{(a)}(s;x, y),$ $C_{n}^{(a)}(s;x, y)$ $W_{N}(s;x, y)$
;
$B_{n}^{(a)}(s;x, y)$ $=$ $((W_{N}(s;x, y)\text{ ^{}N})E_{a}\hat{s}^{n}(W_{N}(s;x, y)\hat{s}^{-N})^{-1})_{+}$ , (2.6a)
$C_{n}^{(a)}(s;x, y)$ $=$ $(W_{N}(s;x, y)E_{a}\hat{s}^{-n}W_{N}(s;x, y)^{-1})_{-}$ . (2.6b)
$(\cdot)_{+}$ 3 , $(\cdot)_{-}$ (
[5] . [5] $(\cdot)_{-}$ )
, (2.5) , Zakharov-
Shabat . $x_{1}=x_{1}^{(1)}-x_{1}^{(2)},$ $x_{2}=x_{2}^{(1)}-x_{2}^{(2)}$ ,
$\frac{\partial B_{1}(s;x,y)}{\partial x_{2}}-\frac{\partial B_{2}(s;x,y)}{\partial x_{1}}=[B_{2}(s;x, y), B_{1}(s;x,y)]$ (2.7)
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. , $B_{1}=B_{1}^{(1)}-B_{1}^{(2)},$ $B_{2}=B_{2}^{\langle 1)}-B_{2}^{(2)}$ .
1 2 , $s$ . ,
$s$ , “ ” $\lambda$
. , $w_{1}$ $w_{2},$ $w_{3}$ ,
. . . $w_{1}^{\langle 12)},$ $w_{1}^{(12)}$ . ,
$B_{1}(\lambda),$ $B_{2}(\lambda)$
$B_{1}(\lambda)$ $=$ $(\begin{array}{ll}0 -2w_{1}^{(12)}2w_{1}^{(21)} 0\end{array})$ ,
$B_{2}(\lambda)$ $=$ $(\begin{array}{l}100-1\end{array})\lambda^{2}+(\begin{array}{ll}0 -2w_{1}^{(12)}2w_{1}^{(21)} 0\end{array})\lambda+(\begin{array}{ll}2w_{1}^{(12)}w_{1}^{\langle 21)} \partial_{x_{1}}w_{1}^{(12)}\partial_{x_{1}}w_{1}^{(21)} -w_{1}^{(21)}w_{1}^{(12)}\end{array})$ ,
. , $E=-2w_{1}^{(12)},$ $E^{*}=-2w_{1}^{(21)}$ $E,$ $E^{*}$ , $L(\lambda)=$
$B_{1}(\lambda),$ $A_{NLS}(\lambda)=iB_{2}(\lambda)$ ,
$L(\lambda)$ $=$ $(\begin{array}{l}100-1\end{array})\lambda+(\begin{array}{ll}0 E-E^{*} 0\end{array})$ , (2.8a)




$\frac{\partial L(\lambda)}{\partial z}-\frac{\partial A_{NLS}(\lambda)}{\partial t}=[A_{NLS}(\lambda), L(\lambda)]$ (2.9)
, $E(z, t)$ nonlinear Schr\"odinger
$iE_{z}+\frac{1}{2}E_{tt}+|E|^{2}E=0$
. , 2 hierarchy $s$
reduction AKNS hierarchy . , AKNS hierarchy
(2.2) double Wronskian
.
hierarchy , hierarchy , “
” . , $s_{\alpha}$ ,




( $x^{[\alpha]},$ $y^{[\alpha]}$ $s_{\alpha}$ );
$\frac{\partial W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]},y^{[\alpha]})}{\partial x_{n}^{[\alpha](a)}}$
$=$ $B_{n}^{[\alpha](a)}(s_{\alpha}; x^{[\alpha]}, y^{[\alpha]})W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})-W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})E_{a}\hat{s}_{\alpha}^{n},$ $(2.10a)$
$\frac{\partial W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]},y^{[\alpha]})}{\partial y_{n}^{[\alpha](a)}}$
$=$ $C_{n}^{[\alpha](a)}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})-W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})E_{a}\hat{s}_{\alpha}^{-n}$ . $(2.10b)$
, $B_{n}^{(\alpha)}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]}),$ $C_{n}^{(\alpha)}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})$ (2.6) ;
$B_{n}^{[\alpha](a)}(s_{\alpha}; x^{[\alpha]}, y^{[\alpha]})$
$=$ $((W_{N}^{[\alpha]}(s_{\alpha}; x^{[\alpha]},y^{[\alpha]})\hat{s}_{\alpha}^{-N})E_{a}\hat{s}_{\alpha}^{n}(W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})\hat{s}_{\alpha}^{-N})^{-1})_{+}^{[\alpha]}$, (2.11a)
$C_{n}^{[\alpha](a)}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})$
$=$ $(W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]},y^{[\alpha]})E_{a}\hat{s}_{\alpha}^{-n}W_{N}^{[\alpha]}(s_{\alpha};x^{[\alpha]}, y^{[\alpha]})^{-1})_{-}^{[\alpha]}$ . (2.11b)
$(\cdot)_{+}^{[\alpha]},$ $(\cdot)_{-}^{[\alpha]}$ , $\hat{s}_{\alpha}$ , .
$W_{N}(s;x, y)$ WN[\alpha ](s\alpha ; $x^{[\alpha]},$ $y^{[\alpha]}$ ) .
, $s,$ $s_{\alpha}$ 2 , $W_{N}$ $W_{N}^{[\alpha]}$
. ,
$f(s, s_{\alpha}+1)=f(s+1, s_{\alpha})-\alpha f(s, s_{\alpha})$ (2.12)
,
$w_{j}^{[\alpha]}= (\begin{array}{l}Nj\end{array})\alpha^{j}+\sum_{l=1}^{j}(\begin{array}{ll}N -lj -l\end{array}) \alpha^{j-l}w_{l}$
$W_{N}$ $W_{N}^{[\alpha]}$ . $B_{j},$ $C_{j}$
, $B_{j}^{[\alpha]},$ $C_{j}^{[\alpha]}$ Zakharov-Shabat
. principal chiral field
$t^{\vee}-$ .
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3 Principal chiral field
$s$ $s_{\alpha}$ , $s,$ $s_{+},$ $s_{-}$
. , $s_{+},$ $s_{-}$ ,
$f(s, s_{+}+1, s_{-})$ $=$ $f(s+1,s_{+}, s_{-})+if(s,s_{+}, s_{-})$ , (3.1a)
$f(s, s_{+},s_{-}+1)$ $=$ $f(s+1, s_{+}, s_{-})-if(s, s_{+}, s_{-})$ , (3.1b)
$s$ . , $W_{N}$ ;
$\frac{\partial W_{N}}{\partial y_{n}^{[+](a)}}$ $=$ $C_{n}^{[+](a)}W_{N}-W_{N}E_{a}\hat{s}_{+}^{-n}$ , (3.2a)
$\frac{\partial W_{N}}{\partial y_{n}^{1-](a)}}$ $=$ $C_{n}^{[-](a)}W_{N}-W_{N}E_{a}\hat{s}_{-}^{-n}$ , (3.2b)
$y_{n}^{[+](a)},y_{n}^{[-](a)}$ , $s_{+},$ $s_{-}$ .
, $\Phi(s, s_{-}, s_{+};x, y^{[-]}, y^{[+]}; \lambda)$
$\Phi(s, s_{-},s_{+}; x,y^{[-]}, y^{[+]}; \lambda)$
$=$ $\lambda^{s}(\lambda-i)^{s-}(\lambda+i)^{s+}(\begin{array}{ll}e^{\xi(x^{(1)},y^{[-](1)},y^{[+](1)}\cdot.\lambda)} 00 e^{\xi(x^{(2)},y^{[-](2)},y^{[+](2)}\cdot.\lambda)}\end{array})$ ,
$\xi(x^{\langle a)}, y^{[-](a)},y^{[+](a)}; \lambda)$
$=$ $\sum_{j=1}^{\infty}(x_{j}^{(a)}\lambda^{j}+y_{j}^{[-](a)}(\lambda-i)^{-j}+y_{j}^{[+]\langle a)}(\lambda+i)^{-J})$ $(a=1,2)$
, $\Phi(s, s_{-}, s_{+} ; x, y^{[-]}, y^{[+]})$ (3.1) . –WN $=$
$W_{N}\Phi$ , $\overline{W}_{N}$ ;
$( \frac{\partial}{\partial y_{1}^{[+](1)}}-\frac{\partial}{\partial y_{1}^{[+](2)}})\overline{W}_{N}$ $=$ $(C_{1}^{[+](1)}-C_{1}^{[+](2)})\overline{W}_{N}$ , (3.3a)
$( \frac{\partial}{\partial y_{1}^{[-](1)}}-\frac{\partial}{\partial y_{1}^{1-](2)}})\overline{W}_{N}$ $=$ $(C_{1}^{[-](1)}-C_{1}^{[-](2)})\overline{W}_{N}$ . (3.3b)




$iU\hat{s}_{-}^{-1}$ $=$ $C_{1}^{1-](1)}-C_{1}^{[-](2)}$ , $iV\hat{s}_{+}^{-1}$ $=$ $C_{1}^{[+](1)}-C_{1}^{[+](2)}$ ,
$[-](1)$ $[-](2)$ $[+](1)$ $[+]\langle 2$)







$\frac{\partial}{\partial x}\overline{W}_{N}(x, y;\lambda)$ $=$ $\frac{U(x,y)}{-i\lambda-1}\overline{W}_{N}(x, y;\lambda)$ , (3.4a)
$\frac{\partial}{\partial y}\overline{W}_{N}(x, y;\lambda)$ $=$ $\frac{V(x,y)}{-i\lambda+1}\overline{W}_{N}(x, y;\lambda)$ , (3.4b)
. $\Psi=\overline{W}_{N},$ $k=-i\lambda$ (11) . (1.2) $J(x, y)$
, (1.1) ;
$U_{y}-V_{x}$ $=$ $0_{\text{ }}$ (3.5a)
$U_{y}+V_{x}$ $=$ [V, $U$ ]. (3.5b)
, $W_{N}$ (2.1) , (3.4) ;
$\frac{\partial}{\partial x}[\frac{1}{\lambda^{s}}\overline{W}_{N}]_{\lambda=0}$ $=$ $-U[ \frac{1}{\lambda^{s}}\overline{W}_{N}]_{\lambda=0}$ , (3.6a)
$\frac{\partial}{\partial y}[\frac{1}{\lambda^{s}}\overline{W}_{N}]_{\lambda=0}$ $=$ $V[ \frac{1}{\lambda^{s}}\overline{W}_{N}]_{\lambda=0}$ . (3.6b)
, (3.5), (3.6)
$J(x, y)=[ \frac{1}{\lambda^{s}}\overline{W}_{N}(x, y;\lambda)]_{\lambda=0}$
(1.2) .
, $f_{j},g_{j}$








. , $f_{j},$ $gJ$ $W_{N}$ $N$ . $N=1$
$J(x, y)$ ,
$J(x,y)= \frac{1}{|0;0|}(\begin{array}{ll}|1\cdot.0| |0,1\cdot.|-|\cdot.0,1| |0\cdot.1|\end{array}) (\begin{array}{ll}e^{i(x-y)+\theta} 00 e^{-i(x-y)-\theta}\end{array})$ (3.8)
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$=$ $\frac{1}{1_{b}^{a_{2}}-\frac{b_{1}}{a_{1}}z_{e^{\phi_{1}-\phi_{2}}}}(\begin{array}{ll}\frac{b}{}q_{1}-\simeq a_{2}q_{2}e^{\phi_{1}-\phi_{2}} (q_{2}-q_{1})_{b}^{a}\simeq_{2}e^{-\phi_{2}}(q_{1}-q_{2})_{a}^{b}\perp_{1}e^{\phi_{1}} q_{2_{1}^{-\frac{b}{a}\perp_{b_{2}}}}q_{1}ea_{2}\phi_{1}-\phi_{2}\end{array}) (\begin{array}{ll}e^{i(x-y)+\theta} 00 e^{-i(x-y)-\theta}\end{array})$
( $\theta$ ) . $\phi_{j}(x, y)$
$\phi_{j}(x,y)=\frac{x}{q_{j}-i}+\frac{y}{q_{j}+i}+\phi_{j}^{(0)}$
( $\phi_{j}^{(0)}$ $x,$ $y$ ). 1
$[7][8]$ .
$J(x, y)$ $SU(2)$ , (3.6)
$qj,$ $aj,$ $b_{j}$ ,
$q_{N+j}=-q_{j^{*}}$ , $b_{j}=a_{j}e^{i\theta_{j}}$ , $b_{N+j}=-a_{N+j}e^{i\theta_{j}}$ , $(j=1,2, \cdots, N)$ (3.9)
. , $x_{J},$ $yj$ $j$ ,
. , $w_{j}$
$w_{j}^{(11)*}=(-1)^{\dot{J}}w_{j}^{(22)}$ , $w_{j}^{(12)*}=(-1)^{J+1}w_{j}^{(21)}$ $(j=1,2, \cdots,N)$
[13]. 1 , , double Wronskian
$|1;0||0;1|+|0,1;||;0,1|+|q|^{2}|0;0||0;0|=0$
, $J(x, y)$ $SU(2)$ . (
. , $|1;1|=|q|^{2}|0;0|$ )
1 , $N$ $J(x, y)$ , (3.9)
$SU(2)$ .
$qj$ $J^{2}=I$ , $J(x, y)$ Pauli
matrix ;
$J(x, y)=n^{1}(x, y)\sigma_{1}+n^{2}(x, y)\sigma_{2}+n^{3}(x, y)\sigma_{3}$.
$n^{1}(x, y),$ $n^{2}(x, y),$ $n^{3}(x, y)$ . $J(x, y)$ (1.2)




, $T=x+y,$ $X=x-y$ .
1 (3.8) ,
$n^{1}$ $=$ sech $( \frac{q}{q^{2}+1}T)\cos(\frac{1}{q^{2}+1}X)$ , (3.10a)
$n^{2}$
$=$ sech $( \frac{q}{q^{2}+1}T)\sin(\frac{1}{q^{2}+1}X)$ , (3.10b)
$n^{1}$
$=$ $\tanh(\frac{q}{q^{2}+1}T)$ , (3.10c)
. , .






3 (Nonlinear Schr\"odinger ) ,
(Self-Induced Transparency)
. Maxwell-Bloch [11];
$\{\begin{array}{l}E_{z}=2\langle p\rangle p_{t}=2i\alpha p+2E\eta\eta_{t}=-(Ep^{*}+E^{*}p)\end{array}$ (4.1)
, $\langle p\rangle$ ;
$\langle p(z,t;\alpha))=\int_{-\infty}^{\infty}p(z,t;\alpha)g(\alpha)d\alpha$, $\int_{-\infty}^{\infty}g(\alpha)d\alpha=1$ .
(4.1) Zakharov-Shabat ;
$\frac{\partial L(\lambda)}{\partial z}-\frac{\partial A_{MB}(\lambda)}{\partial t}=[A_{MB}(\lambda), L(\lambda)]$ . (4.2)
$L(\lambda),$ $A_{MB}(\lambda)$ ;
$L(\lambda)$ $=$ $(\begin{array}{l}100-1\end{array})\lambda+(\begin{array}{ll}0 E-E^{*} 0\end{array})(=B_{1}(\lambda))$ , (4.3a)
$A_{MB}(\lambda)$ $=$ $(\begin{array}{l}\langle_{\overline{\lambda}}E_{\overline{i\alpha}}\rangle\langle\frac{-p}{\lambda-i\alpha}\rangle\langle\frac{-p^{l}}{\lambda-i\alpha}\rangle\langle\frac{-\eta}{\lambda-i\alpha}\}\end{array})$ . (4.3b)
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\langle $\cdot$ } . ,
;
$\int_{-\infty}^{\infty}p(\alpha)g(\alpha)d\alpha$ $arrow$ $\sum_{k=1}^{m}p(\alpha)g(\alpha_{k})$ .
(4.3b) $A_{MB}(\lambda)$





$\frac{\partial B_{1}(\lambda)}{\partial y_{1}^{[\alpha_{k}]}}-\frac{\partial C_{1}^{[\alpha_{k}]}(\lambda)}{\partial x_{1}}=[C_{1}^{[\alpha_{k}]}(\lambda),$ $B_{1}(\lambda)]$
$\alpha_{k}(k=\cdot 1,2, \cdots, m)$ . (2.10)
Zakharov-Shabat reduction
. , (double) Wronskian .
Wronskian , $f_{j},$ $g_{j}$
$f_{j}(s, s_{\alpha_{1}}, \cdots, s_{\alpha_{m}} ; x, y,x^{[\alpha_{1}]}, y^{[\alpha_{1}]}, \cdots, x^{[\alpha_{m}]}, y^{[\alpha_{m}]})$
$=$ $a_{j}q_{j}^{s}\exp(x_{l}^{(1)}q^{l}+y_{l}^{(1)}q^{-l})$
$\cross\prod_{k=1}^{m}\{(q_{j}-i\alpha_{k})^{s_{\alpha_{k}}}\exp(x_{l^{\alpha_{k}}}^{[](1)}(q_{j}-i\alpha_{k})^{l}+y_{l^{\alpha_{k}}}^{[]\langle 1)}(q_{j}-i\alpha_{k})^{-l})\}$ , (4.4a)
$g_{j}(s, s_{\alpha_{1}}, \cdots, s_{\alpha_{m}}; x, y, x^{[\alpha_{1}]}, y^{[\alpha_{1}]}, \cdots, x^{[\alpha_{m}]}, y^{[\alpha_{m}]})$
$=$ $b_{j}q_{j}^{s}\exp(x_{l}^{(2)}q^{l}+y_{l}^{(2)}q^{-l})$
$\cross\prod_{k=1}^{m}\{(q_{j}-i\alpha_{k})^{s_{\alpha_{k}}}\exp(x_{l^{\alpha_{k}}}^{[](2)}(q_{j}-i\alpha_{k})^{l}+y_{l}^{[\alpha_{k}](2)}(q_{j}-i\alpha_{k})^{-l})\}$. (4.4b)
, , (3.9) .
$N=1$ 1 ;
$E(z,t)$ $=$ $-2 \frac{|0,1;|}{|0;0|}$
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$=$ $2\mu$ sech $(\varphi(z,t))\exp(i\psi(z,t)-i\theta)$ ,
$p(z, t;\alpha)$ $=$ $\frac{-2|1;0|^{[\alpha]}|0,1;|^{[\alpha]}}{|1;0|^{[\alpha]}|0;1|^{[\alpha]}+|0,1;|^{[\alpha]}|;0,1|^{[\alpha]}}$
$=$ $\frac{2\mu\{\mu\sinh(\varphi(z,t))+i(\nu-\alpha)\cosh(\varphi(z,t))\}\exp(i\psi(z,t)-i\theta)}{\mu^{2}\sinh^{2}(\varphi(z,t))+(\nu-\alpha)^{2}\cosh^{2}(\varphi(z,t))+\mu^{2}/4}$
$\eta(z, t;\alpha)$ $=$ $\frac{|1;0|^{[\alpha]}|0;1|^{[\alpha]}-|0,1,\cdot|^{[\alpha]}|,\cdot 0,1|^{[\alpha]}}{|1;0|^{[\alpha]}|0;1|^{[\alpha]}+|0,1,\cdot|^{[\alpha]}|,\cdot 0,1|^{[\alpha]}}$
$=$ $\frac{\mu^{2}\sinh^{2}(\varphi(z,t))+(\nu-\alpha)^{2}\cosh^{2}(\varphi(z,t))-\mu^{2}/4}{\mu^{2}\sinh^{2}(\varphi(z,t))+(\nu-\alpha)^{2}\cosh^{2}(\varphi(z,t))+\mu^{2}/4}$
$|$ . $|^{[\alpha]}$ (2.3) $\hat{s}$ $\hat{s}_{\alpha}$ . , $\varphi(z, t),$ $\psi(z, t)$
$\varphi(z, t)$ $=$ $2 \mu t+(\int_{-\infty}^{\infty}\frac{2\mu}{\mu^{2}+(\nu-\alpha)^{2}}g(\alpha)d\alpha)z+\varphi^{(0)}$ ,
$\psi(z, t)$ $=2 \nu t-(\int_{-\infty}^{\infty}\frac{2(\nu-\alpha)}{\mu^{2}+(\nu-\alpha)^{2}}g(\alpha)d\alpha)z+\psi^{(0)}$ ,



















“ ” , nonlinear Schr\"odinger , Maxwell-Bloch
[13].
5
2 “ ” [8]. KP hierarchy
$\exp(kx_{1}+k^{2}x_{2}+k^{3}x_{3}+\cdots)$
, $k=\infty$ . , hierarchy
$\exp(kx_{1}+k^{2}x_{2}+k^{3}x_{3}+\cdots+\frac{1}{k}y_{1}+\frac{1}{k^{2}}y_{2}+\frac{1}{k^{3}}y_{3}+\cdots)$
, $k=0$ $k=\infty$ .
principal chiral field .
KP hierarchy ,
[3] . [5] , hierarchy
. , [8] free fermion $T$
. hierarchy Grassmann
formalism ,
. ( $B_{j},$ $C_{j}$ $W_{N}$ . )
, (2.10a) $x_{n}^{[\alpha]}$ $x_{n}$




shallow water wave [14], integrable ponderomotive system[15] ,
. hierarchy
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